The Surveillance, Epidemiology, and End Results (SEER) Program was used to compare survival and local recurrence risk (LR) in patients with 2 histologic types of disease-invasive lobular carcinoma (ILC) and invasive ductal carcinoma (IDC)-receiving breast-conserving surgery (BCS). Patients with T1-2 ILC were less likely to undergo BCS and had better overall survival compared to patients with IDC, but they had worse second primary cancer-free survival and higher LR than those of patients with IDC in the nuclear grade III subgroup. Continuing efforts to identify a subset of subjects with T1-2 ILC of nuclear grade III is contraindicated for BCS in further clinical trials. Background: The role of histology subtype on the prognosis of T1-2 breast cancer patients receiving breastconserving surgery (BCS) is not clear. Methods: The Surveillance, Epidemiology, and End Results (SEER) Program was used to compare overall survival, second primary cancer-free survival (CFS), and local recurrence risk (LR) for patients with invasive lobular carcinoma (ILC) and invasive ductal carcinoma (IDC), both receiving BCS. Results: The study enrolled 196,688 patients with T1-2 disease receiving BCS, including 12,906 with ILC and 183,782 with IDC. Patients with IDC showed higher unadjusted annual rates of BCS than ILC. Five-and 10-year estimated survival rates were, respectively, 92.06% and 86.14% in ILC, compared to 90.50% and 85.26% in IDC (P ¼ .12). In multivariable Cox regression, ILC patients showed advantage over IDC in overall survival (hazard ratio [HR] ¼ 0.93, P ¼ .001), whereas no significant differences in CFS (HR ¼ 1.03, P ¼ .33) and LR (HR ¼ 1.17, P ¼ .06) were found, which were consistent with results from matched cohort. In subgroup analyses, patients with grade III ILC had poorer CFS (HR ¼ 1.23, P ¼ .009) and higher LR (HR ¼ 1.59, P ¼ .01) than IDC. Conclusion: Histologic type is of prognostic importance in T1-2 patients receiving BCS, and surgeons should be cautious in performing BCS for individuals with grade III ILC.
Introduction
Breast cancer (BC) is the most frequent malignancy among women, accounting for 30% of new cases and 14% of deaths among cancers of all sites. 1 Invasive lobular carcinoma (ILC) of BC, first described by Stewart and Foote in the 1940s, is the most common special BC subtype, which is a lesion consisting of acinar or scirrhous spheroidal cells. [2] [3] [4] ILC is often characterized by higher T stage as well as a higher percentage of multifocal, multicentral, and bilateral cases compared to invasive ductal carcinoma (IDC), but it can also be identified as lower histologic grade, higher rate of hormone receptor positivity, and lower rate of human epidermal growth factor receptor 2 (HER2) positivity, all associated with favorable prognosis. 5 Thus, inconsistent prognostic results of the 2 histologic types, ILC and IDC, has been widely reported. [6] [7] [8] [9] [10] [11] [12] Breastconserving surgery (BCS) followed by radiotherapy for the local management of T1-2 stage BC has been well established as a standard surgical strategy, but postoperatively, prognostic distinctions between the histologic types have not yet been clearly described.
Given the evidence of a lower chance of undergoing BCS compared to IDC, 13 patients with ILC often undergo mastectomy. 14 Although improved imaging techniques such as magnetic resonance tomograph resulted in more conservative surgeries being performed for early BC, prior studies found that ILC patients still experienced higher probability of repeat excision or mastectomy after BCS. 10, 14, 15 Accordingly, some studies found that patients with ILC were spontaneously associated with both poorer overall survival (OS) and disease-free survival compared to patients with IDC. 8, 12 Paradoxically, survival advantage of IDC was not consistently identified; a stage-matched study found better survival for patients with ILC than those with IDC. 11 Moreover, another study suggested that ILC patients treated with BCS had a low local recurrence rate (3.5%). 16 Regardless of the fact that radiotherapy after BCS has been shown to reduce the risk of recurrence in early BC, 17 Poleszczuk et al 18 suggested that people with early BC who received radiotherapy after surgery had a higher incidence of second primary tumors than people with advanced BC. The disparity of the second primary tumor incidence between ILC and IDC patients who underwent BCS has never been reported before. In addition, some prognostic variables potentially exerted considerable influences on this survival comparison, including stage, nuclear grade, estrogen receptor (ER)/ progesterone receptor (PR) status, and chemotherapy. [19] [20] [21] [22] [23] Previous series with inadequate sample sizes or balance of groups had difficulty comparing survival differences between BC patients with ILC and IDC after BCS. In this study, we examined the differences in BCS rate, OS, second primary cancer-free survival (CFS), and local recurrence risk (LR) differences between patients with ILC and IDC after BCS.
Methods

Study Design
The Surveillance, Epidemiology, and End Results (SEER) database (http://seer.cancer.gov/), sponsored by the US National Cancer Institute, covers 18 population-based registries, the cancer data of which represent a large proportion of Americans (30%). The SEER 18 registry including cases followed from 1973 to 2013 was used to perform this retrospective longitudinal cohort study.
To derive a data set of patients with first primary invasive BC, SEER*Stat software and ASCII files were used to access the SEER database. Likewise, another data set of subsequent cancer patients who were derived from prior BC patients was constructed by implementing the MP-SIR session of the SEER*Stat software. The primary end point was OS, and the secondary outcome measures were CFS and LR. OS was defined as the interval from the time of diagnosis to either the death of the patient or the date of last contact (December 2013), and the survival status was considered as censored if the patient was alive until the date of last contact. CFS was estimated as time between the first primary BC and subsequently diagnosis dates of primary tumor at any location. In addition, LR was defined as later cancer identified by sequence records located in the ipsilateral breast (including invasive or in-situ histology), ipsilateral lymph nodes of axilla or arm, and skin of ipsilateral upper limb and shoulder without evidence of metastatic disease, which was calculated to be the difference between the dates of first primary BC diagnosis and the dates of local recurrence incidence. Records were merged by patient identification number to identify dates of a subsequent cancer diagnosis. CFS and LR were censored and set to OS for patients without any record of a subsequent tumor diagnosis.
All procedures performed in studies involving human participants were in accordance with the ethical standards of institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. 
Identification of Key Variables
SEER*Stat 8.3.4 software was used to extract relevant information released most recently through May 2017, including patient identification, sequence records, year and month of diagnosis, age, race/ ethnicity, marital status, primary site, laterality, histology type, nuclear grade, ER, PR, HER2, adjusted American Joint Committee on Cancer (AJCC) tumor, node, metastasis classification system (TNM) (6th edition), surgery type, chemotherapy, radiotherapy, and survival month. International Classification of Diseases for Oncology (ICD-O-3) 24 was used to identify the first primary or subsequent cancer site and histology type. BC was selected using the ICD-O-3 codes C500 to C506, 508 or 509; codes C773 and C446, combined with laterality records, were identified as local recurrence site of lymph nodes of axilla or arm and skin of upper limb and shoulder, respectively. Invasive ductal (8500) and lobular (8520) carcinomas were identified, respectively. BCS was defined following SEER codes for BCS (10, (20) (21) (22) (23) (24) .
history of any type of in-situ or invasive cancer or patients with concurrent malignancy (defined as in-situ or invasive cancer diagnosed within 6 months of first primary BC diagnosis) were excluded from the study in the process of data merging.
Statistical Analysis
Demographic information, and tumor and treatment characteristics were compared between ILC and IDC by the Pearson chi-square test for categorical variables, which were reported as counts and percentages. To illustrate temporal trends in BCS procedure among IDC and ILC patients, unadjusted annual rates of BCS, calculated as the proportions of all the surgeries performed on patients with T1-2 BC between 1998 to 2012, were reported.
The potential risk factors for survival and relapse included age, race, marital status, TNM stage, histologic grade, ER, PR, and HER2 status, chemotherapy, and radiotherapy. Kaplan-Meier curves were used to visualize the survival distributions, and logrank tests were conducted to assess the differences between groups. The multivariable Cox proportional hazards models adjusting the aforementioned variables were fitted to evaluate the differences between ILC and IDC in OS and CFS, respectively, where hazard ratio (HR) with 95% confidence interval (CI) for each variable was calculated. A nonparametric method, the Gray Ksample test, was used to assess whether the difference in cumulative incidences between the ILC and IDC groups was significant, 25 where local recurrence was considered as event. Moreover, interaction tests were performed to explore whether any survival benefit after BCS procedure conferred by histologic type varied across subgroups. To minimize the effects of potential modifiers, a 1-to-1 propensity score matching method without replacement was performed for the comparisons using the nearest-neighbor method with a stringent caliper of 0.05 based on the R package MatchIt 26 (Supplemental Figure 1 in the online version). Considering the status of HER2 is available after 2010 in SEER database, we also fitted an additional multivariable Cox proportional hazards model with HER2 status as one variable.
All P values were calculated from 2-sided tests with .05 used as the significance level, and all statistical analyses were performed by R 3.3.3 software (R Foundation for Statistical Computing, Vienna, Austria; http://www.r-project.org/).
Results
Patient Characteristics and BCS Rate
A total of 196,688 eligible patients with T1-2 BC who underwent BCS were enrolled onto this study, where 12,906 had ILC and 
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Balance in patients' characteristics was achieved after propensity score matching, except for age and AJCC N stage, and residual factors were similarly distributed between 2 groups (all P > .05) ( Table 1) .
Survival Analysis
Among the 196,688 BC patients with T1-2 disease who underwent BCS, 32,837 died for all causes. The 5-and 10-year estimated survival rates were 92.06% and 86.14% in the ILC group, respectively, compared to 90.50% and 85.26% in IDC group (log-rank P ¼ .12; HR ¼ 1.04; 95% CI, 0.99-1.08; Figure 3A ). A total of 18,270 patients developed secondary cancer, where 1213 cases were ILC and 17,057 cases were IDC (log-rank P ¼ .013; HR ¼ 1.08; 95% CI, 1.02-1.14; Figure 3B ). In addition, 2459 local recurrence incidences were observed among all the patients, with only 157 cases in the ILC group and 2302 cases in the IDC group (15-year cumulative rates of ILC vs. IDC: 1.22% vs. 1.24%, P ¼ .51, HR ¼ 1.06; 95% CI, 0.90-1.24; Figure 3C ).
To adjust potential modifier effects, both the original and the propensity scoreematched multivariable Cox proportional hazards models were fitted for different outcomes (ie, OS, CFS, and LR; Table 2 ). In the original Cox models, patients with ILC showed a survival advantage in the OS after BCS compared to patients with Table 2 ). When examining the benefit of BCS between patients with ILC and IDC stratified by age, AJCC T and N stage, nuclear grade, ER status, and radiotherapy, which were also adjusted in the multivariable Cox regression model using residual covariates, we found that the OS for the ILC group after BCS was significantly better than that observed in the corresponding IDC group for patients with larger tumor size and fewer positive lymph nodes (Figure 4) . Furthermore, higher LR risk for smaller ILC tumors and ER-positive ILC tumors were respectively observed compared to their IDC counterparts (Figure 4) . Interestingly, interaction analyses indicated that magnitude of inferior CFS (15-year cumulative incidence: 26.9% vs. 20.6%; P < .001) and higher LR risk (15-year cumulative incidence: 8.5% vs. 4.0%; P ¼ .03) among patients with ILC undergoing BCS compared to IDC were observed in the nuclear grade III subgroup, but no difference in OS between the 2 histologic types was found ( Figure 3F-H, Figure 4) .
We also conducted a sensitivity analysis in which the variable for HER2 status was added to the aforementioned Cox models. The results were shown in Tables 3 and 4, suggesting that the prior results were robust. 
Discussion
In this large population-based cohort study, we observed that BCS rates among patients with T1-2 ILC was lower than those of IDC in the last 15 years. Interestingly, multivariate Cox proportional hazards model and propensity scoreematching multivariable Cox proportional hazards models consistently suggested that patients with ILC who underwent BCS had a survival advantage in terms of OS compared to corresponding patients with IDC, whereas CFS and LR risk did not show statistically significant differences. Those results are comparable with previous studies. [6] [7] [8] [9] 11 In addition, interaction analyses indicated worse CFS and higher LR risk among patients with ILC who underwent BCS compared to IDC were observed in the nuclear grade III subgroup. We suggest that further studies should be conducted to explore the mechanisms of survival difference between early ILC and IDC from the perspective of oncology and pathology, and modify the provision of BCS for patients with grade III ILC. Previous studies have documented that ILC tends to present characteristics with multicentricity or bilateral disease, 27 occult lesions, 28 and metastases to distinct sites, 29 resulting in losing the chance to undergo BCS. A corresponding result was found in a Dutch study, 13 which also observed that patients with ILC were less likely to undergo BCS compared to IDC. Although up to 31% BCS rate difference between ILC and IDC was indeed identified in this study, the gap was likely overestimated because more patients with IDC than ILC underwent BCS after patients with satisfactory response to neoadjuvant treatments were excluded. 18, 30, 31 Of note, another reason for the observed BCS rate difference was likely that performing breast magnetic resonance imaging was associated with a reduced number of mastectomies in ILC but an increased number in IDC. 32 Actually, the reason why patients with ILC were less likely to experience BCS was perhaps that candidates with ILC were often eliminated for reasons due to its biological characteristics, such as multicentricity or bilateral disease, which are contraindicated for BCS. 27, 33 A stage-matched study also suggested that prognosis for patients with ILC is better than for those with IDC. 11 Nevertheless, another study investigating the differences in prognoses between the 2 different histologic types consisted of a cohort of 164,958 women based on the SEER database suggested that the survival rates of 50-to 79-year-old women with ILC were higher than those of women with IDC. 7 Although the sample size was large enough in that study, confounding factors such as stage, ER status, chemotherapy, and lifestyle factors have not been well identified or controlled for. Furthermore, in a 1:1 matched cohort of 590 patients after 5 years of follow-up, no differences in disease-free survival or OS were detected between ILC and IDC. 6 Additionally, another age-and stage-matched study observed comparable results. 19 More interestingly, an international BC study group trial indicated that there was a significant early advantage in disease-free survival and OS for the ILC cohort, followed by a significant late advantage for the IDC cohort after 6 and 10 years, respectively. 8 The same pattern was observed in our study, where the OS curves for ILC and IDC crossed, reflecting the tendency for longer latency to distant recurrence in ILC (Figure 3 ). Considering that patients treated with BCS would routinely accept radiotherapy (neoadjuvant or adjuvant), CFS and LR are associated with radiotherapy. Prior studies have documented that radiotherapy can enhance antitumor immune responses, [34] [35] [36] [37] which can cause immunogenic tumor cell death. In this process, hidden tumor-associated antigens, stress proteins, and danger-associated molecular patterns will be exposed, 38 but a different microenvironment will change these effects. The patients had better survival outcomes (ie, OS, CFS, and LR risk) than those in IDC, and a similar outcome for LR was also found in the radiotherapy-treated subgroup. Our results suggest that different survival outcomes probably depend on the different microenvironments caused by histologic types and nuclear grades. The National Comprehensive Cancer Network clinical guidelines 33 do not distinguish between the surgical strategies to use between ILC and IDC, and lumpectomy with radiotherapy was considered as the standard approach for patients with stage I, IIA, IIB or T3, N1, M0 BC. Moreover, recent research has sought to determine whether more extensive surgical margins were required for ILC compared to IDC; however, this study found that the rate of local recurrence among patients with ILC is similar to those with IDC in the context of modern BCS. 39 On the one hand, ILC often has a higher T stage, 23 which not only has effects on survival outcomes but likely also has effects on the likelihood of reexcision rates after BCS. Sharma et al 40 found that BCS with ILC was statistically more likely to have successful surgery compared to IDC as tumor size increased; however, they did not do further research or exploration on the survival differences between ILC and IDC. On the other hand, considering that the true pathologic sizes of ILC are often underestimated as a result of multifocality, 41 those patients with ILC with higher T stage were less likely to present with solitary lesions with favorable prognosis. Accordingly, among T1-2 grade III early BC, we observed obvious survival inferiority among patients with ILC compared to those with IDC. As supporting evidence, an immunohistochemical study by Rakha et al 42 evaluating the prognostic significance of pleomorphic lobular carcinoma suggested that histologic grade in ILC was of prognostic importance, whereas pleomorphic type did not provide useful additional prognostic information. Better-designed studies urgently need to be conducted to compare surgical strategies among patients with nuclear grade III ILC. Discussions regarding differences in the biological characteristics between ILC and IDC such as tumor stage, ER status, and response to adjuvant chemotherapy are ongoing. Because the early diagnosis rate of ILC is low, ILC patients tends to have disease of a more advanced stage than patients with IDC, 3, 8, 9 which is a key factor leading to the poor survival of ILC that has been observed in prior studies. Mhuircheartaigh et al 19 suggested that the differences in survival outcomes between ILC and IDC may be determined by ER status, which is in agreement with our interaction analyses that recognized higher LR risk among patients with ILC conferred by ER-positive subsets. Recent studies have proposed that ER status 5, 45 Although the sensitivity results are limited by the short follow-up period, consistent outcomes indicated the robustness of the study, regardless of whether or not HER2 status were included. Some limitations of our study should be acknowledged, and our results ought to be interpreted with caution. Some important confounding factors, such as surgical margin status and receipt of endocrine therapy, are not available in SEER database, which may have influenced our results. Positive surgical margin status was reported to have adverse effects on survival among patients who underwent BCS, 40, [46] [47] [48] and the question remains whether BCS should be changed to mastectomy for patients with ILC when positive margins are found. Evaluation of the response of ILC patients to endocrine therapy is an emerging direction of clinical BC research, 30, 49 and it was reported that the magnitude of benefit of adjuvant letrozole is greater for patients diagnosed with lobular carcinoma compared to those with ductal carcinoma, 50 the effectiveness of which should be discussed for ER-positive ILC after BCS. Finally, we cannot control the quality of the primary data, and pathologic diagnosis from multiple hospitals will lead to inevitable bias. Nonetheless, to our knowledge, ours is the first study to investigate the survival differences between patients with ILC and IDC after BCS. Optimal matched groups were acquired after conducting the propensity scoreematching procedure, which increased betweengroup comparability compared to the unmatched studies [6] [7] [8] [9] [10] 12 or partial matched studies 11, 19, 51 conducted previously.
Conclusion
We found that T1-2 ILC BC patients were less likely to undergo BCS compared to those with IDC. Patients with T1-2 ILC BC receiving BCS have favorable OS, not only in the spontaneous SEER cohort but also in the matched cohort, compared to their counterparts with IDC. However, ILC patients have worse CFS and higher LR risk compared to IDC patients in nuclear grade III subgroup. We suggest that patients with T1-2 ILC of nuclear grade III should be studied, with further efforts made to develop more feasible surgical strategies for them and to identify potential mechanisms of their survival inferiority.
Clinical Practice Points
ILC is commonly characterized with higher T stage and with higher percentage of multifocal, multicentral, and bilateral disease compared to IDC, but it is also associated with lower histologic grade, higher rate of hormone receptor positivity, and lower rate of HER2 positivity, which are associated with favorable prognosis. Inconsistent prognostic results according to the 2 histologic disease types have been widely reported.
ILC resulted in a higher probability of repeat excision or mastectomy after BCS. We found that T1-2 ILC BC patients are likely to undergo BCS compared to IDC. Patients with T1-2 ILC BC receiving BCS are associated with having a favorable OS, not only in the spontaneous SEER cohort but also in the matched cohort, compared to IDC. ILC patients have poorer CFS and higher LR risk than that of IDC in the nuclear grade III subgroup. Patients with T1-2 ILC of nuclear grade III should be studied to develop more feasible surgical strategies for them and to identify potential mechanisms of survival inferiority.
